for the preparation of biologically active compounds as well indole alkaloids. Also, they are important precursors for the synthesis of divers heterocyclic derivatives because their carbonyl groups facilely undergo C-C and C-N coupling reactions and reductions. This review highlights the recent advances in 1H-indole-3-carboxaldhyde chemistry via discussing different synthetic procedures developed for the preparation of its derivatives, as well sheds the light on the most common reactions of 1H-indole-3-carboxaldhyde derivatives and exploitation of these derivatives as the blocks of many biologically active compounds.
Introduction
1H-Indole-3-carboxaldhyde (I3C, 1) is a natural compound found in tomato seedling, pea seedling, barley, lupine, cabbage and cotton [1] . 1H-Indole-3-carboxaldehyde (1) represents an important starting and intermediate compound for building many various synthetic and natural biologically active compounds especially with antitumor (camalexin [2] coscinamide) [3] , antidepressant (α-methyl-tryptamine) [4] , antimicrobial (phytoalexins brassinin and cyclobrassinin) [5, 6] , antiviral (chondramide A) [7] , anthelmintic (chondriamide C) [8] , monoamine oxidase inhibitor (aplysinopin) [9] , anti-plasmodial (isocryptolepine) [10] , antifungal (phytoalexine caulilexins A-C) [11] , inhibit DNA replication and transcription (cryptosanginolentine 1) [12] and muscle relaxant (α,β-cyclopiazonic acid) [13] activities (Fig. 1 ). Biosynthesis of natural 1H-indole-3-carboxaldehyde (1) was first suggested by Tang and Bonner who reported that, aldehyde (1) was produced via biotransformation of indole-3-acetic acid (IAA) using crude enzyme which is prepared from etiolated pea seedlings [14] . On the other hand, brassinin oxidase (BOLm; a fungal detoxifying enzyme) mediates the conversion of the phytoalexin brassinin into 1H-indole-3-carboxaldehyde with equivalent ratio [15] (Scheme 1). Also, bacteria play an important role in the biosynthesis of 1 via biotransformation of L-tryptophan using Escherichia coli [16] .
1H-Indole-3-carboxaldehyde and its derivatives have represented the key intermediates
1H-Indole-3-carboxaldhyde and its derivatives are not only the key intermediates for the preparation of biologically active molecules as well indole alkaloids, but also they are important precursors for the synthesis of diverse heterocyclic derivatives. In this respect, this review point up the chemistry and the most common reactions of 1H-indole-3-carboxaldhyde and its derivatives.
Synthetic methods of the preparation of 1H-Indole-3-carboxaldhyde
Previously, 1H-indole-3-carboxaldehyde (1) has been prepared synthetically either via direct formylation of indole using e.g., Reimer-Tiemann reaction (aq. KOH/CHC l3 ) [17] , Grignard reaction [18] , Vilsmeier Haack reaction (POCl 3 /DMF)
[19] or formylation of the potassium salt of indole using carbon monoxide under robust conditions of heat and pressure [20] . Sommelet reaction on gramine and on indole itself [21] oxidation of N-skatyl-N-phenyl-hydroxylamine [22] and/or by hydrolysis of 3-(1,3-dithiolan-2-yl)indole with boron trifluoride diethyl etherate BF 3 .O(C 2 H 5 ) 2 and mercury (II) oxide HgO [23] .
Recently, the researchers developed general and simple approaches by the use of environmentally benign reagents in order to obtain 1H-indole-3-carboxaldyhde (1), for an example: Alkaline degradation of ascorbigen Alkaline degradation of ascorbigen 3 leads to a mixture of L-sorbose (4) and L-tagatose (5) derivatives. The later ketoses underwent acetylation and open ring of pyranose using acetic anhydride in pyridine in the presence of 4-dimethylaminopyridine (DMAP) leads to a mixture of 6 and 7, which are separated by column chromatography. Deacetylations of compounds 6 and 7 have been accompanied by the formation of 1 with yield (3%) [ 
Oxidation of gramine methiodides

From gramine
The reaction of gramine (10) with formulating species has been generated from hexamethylenetetramine (HMTA) and silicasupported ceric ammonium nitrate (CAN-SiO 2 ) yields 1 in 81% [28] (Scheme 6).
(DDQ) in a mixture of tetrahydrofuran and water (9:l) at room temperature affords 1 in 30% yield [29] In spite of the development in the methods for the preparation of 1H-indole-3-carboxaldehyde (1), it remains to be seen Vilsmeier Haack formylation reaction is the convenient method for the preparation of 1 due to it is considerably simple, the yield is almost quantitative, and the aldehyde product is obtained in a state of high purity [19] (Scheme 9). 
N-Alkylation, N-acylation and N-sulfonation
The importance and the necessity of protecting nitrogen of indole-3-carboxaldehyde (1) are well established [35] . There are two different kinds of protecting groups used on the free N-H of 1; a) electron releasing groups (commonly); and b) electron withdrawing groups [35] . As a matter of fact, most of the methods have been used to introduce the protect groups require strong bases such as NaH in order to generate the indole anion, which reacts as a nucleophile with alkyl, acyl and sulfonyl halides in DMSO or DMF. In 1998 Ottoni et al., [35] have reported new weaker bases than the traditional NaH, such as NaOH, KOH and NE t3 in ethanol to form N-substituted indole-3-carboxaldehyds derivatives 15a-u with 80-100% yields (Scheme 11, Table 1) . 
Claisen-Schmidt reaction (α,β-unsaturated ketones)
Reaction of 1 and 15a with various aryl methyl ketones in alcohol in the presence of aqueous alkaline medium and/or piperidine leads to the formation of the corresponding α,β-unsaturated ketones 25a-p and 26a-p (Scheme 18), which act as key precursors in the synthesis of many biologically important heterocycles such as pyrimidine, pyridine, benzothiazepine, pyrazolines, isoxazole, 1,4-diketones and flavones [96, 97] and also with some hetero-hydrazine derivatives, namely
and ethyl 2-hydrazinyl-5,6-dihydro-5-oxo-4H-1,3,4-thiadiazine-6-carboxylate, [101] yields the corresponding hydrazones 38a-d (Scheme 27). 
1H-INDOLE-3-CARBOXALDEHYDE, SYNTHESIS AND REACTIONS
Hydrazide derivatives : The reaction of aldehydes 1, 15a, 15c, 15i and 58 with carbohdrazide or acetic acid hydrazides derivatives, namely 2-cyanoacetic acide hydrazide, [102] 5-nitro-benzo-[b]thiophene-2-carboxylic acid hydrazide, [103] 2-(1,3-dioxoisoindolin-2-yl) acetohydrazide, [104] (2-phenyl-sulfanylmethylbenzoimidazol-1-yl)-acetic acid hydrazide [105] and (4-phenyl-piperazin-1-yl) acetic acid hydrazide [106] has been carried out in alcohol and in the presence of acid as a catalyst to yield the corresponding hydrazide derivatives (39a-e) (Scheme 28). 
Indolenyl sulfonamides
Various indolenyl sulfonamides 66a-k, have been synthesized via condensation of 1 with 
Kabachnik-Fields reaction (Synthesis of α-amino-phosphonate)
α-Aminophosphonate, the key substrate in the synthesis of α-amino-phosphonic acid, shows a number of interesting activities, such as peptidomimetics, enzyme inhibitors, pharmacogenic agents, herbicides, inhibitors of serine hydrolysis, inhibitors of UDPgalactopyranose mutate and anti-tumor agents [126] . Tillu et al., [126] reported one-pot three-component reaction of 1, primary amine (p-anizidine) and dibenzyl phosphite using H-beta zeolite as a catalyst to afford α-aminophosphonate 67 (Scheme 42). 
Synthesis of nitrone derivative
For years, the ability of nitrones to act as a good radical traps has been in the origin of a number of basic and clinical studies that aiming at the investigation of their potential therapeutical applications for the treatment of cerebral ischemia, or neurodegenerative diseases where reactive oxygen species (ROS) are implicated [127] . Samadi et al., reported the preparation of nitrone, namely (Z)-α-(1H-3-indolyl) -N-tertbutylnitrone (68) via reaction of 1 with N-t-butyl-hydroxylamine hydrochloride in THF in the presence of Na 2 SO 4 and Et3N [127] . (Scheme 43) . 
N-t-butylhydroxylamine hydrochloride
68
Reaction with nitromethane (Henary reaction)
Henary reaction involves condensation of nitroalkane with aromatic aldehyde in the presence of a mixture of acetic acid and ammonium acetate to give nitroalkene [128] 
Preparation of propargylamines
Propargylamines are considered important intermediates for the synthesis of many natural products [130] . Srinivas and Koketsu, have reported a simple and efficient route for the preparation of 3-substituted propargylamine 70 by three component coupling of 1 with terminal alkyne (silyl acetylene), and secondary amine (piperidine) in the presence of AuBr3 as a catalyst [130] (Scheme 45).
Synthesis of heterocycles
Acridine : A microwave-assisted synthesis has been applied for the synthesis of novel 3,4,6,7-tetr ahydroacridines73a,b, using substituted aldehydes Quinoline : One-pot reaction of 1, malononitrile and 3,3-dimethyl-5-(phenylamino) cyclohexanone (95) using tetrabutylammonium fluoride (TBAF) as a catalyst yields the corresponding 4H-quinoline derivative 96 [132] (Scheme 63). 
96
Tetrazole : Multi-component of 1, malononitrile and sodium azide in water under Knoevenagel condensation followed by 1,3 dipolar cycloaddition afforded (E)-3-(1H-indol-3-yl)-2-(1H-tetrazole-5-yl)acrylonitrile (97) [148] (Scheme 64). 27. Quan N., Shi X., Nie L., Dong J. and Zhu R., A green chemistry method for the regeneration of carbonyl compounds from oximes by using cupric chloride dihydrate as a recoverable promoter for hydrolysis, Synlett, 7, 1028 (2011). 
